Abstract. In this paper we report the discovery of a new class of active galactic nucleus in which although the nucleus is viewed directly, no broad emission lines are present. The results are based on a survey for AGN in which a sample of about 800 quasars and emission line galaxies were monitored yearly for 25 years. Among the emission line galaxies was the expected population of Seyfert 2 galaxies with only narrow forbidden lines in emission, and no broad lines. However, from the long term monitoring programme it was clear that some 10% of these were strongly variable with strong continuum emission. It is argued that these objects can only be Seyfert 1 galaxies in which the nucleus is viewed directly, but in which broad emission lines are completely absent. We compare these observations with other cases from the literature where the broad line region is reported to be weak or variable, and investigate the possibility that the absence of the broad line component is due to reddening. We conclude that this does not account for the observations, and that in these AGN the broad line region is absent. We also tentatively identify more luminous quasars from our sample where the broad emission lines also appear to be absent. The consequences of this for AGN models are discussed, and a case is made that we are seeing AGN in a transition stage between the fuel supply from a surrounding star cluster being cut off, and the nucleus becoming dormant.
Introduction
The diverse phenonema which characterise the class of objects known as Active Galactic Nuclei (AGN) have been reconciled in a unified scheme (Antonucci 1993) in which viewing angle plays a crucial role in the observed properties of the system. An important feature of the unified model is the distinction between Seyfert 1 galaxies and quasars where the active nucleus is viewed directly, along with emission from fast moving gas clouds surrounding it, and Seyfert 2 galaxies where this central region is hidden from view by a dusty torus. Although there is some difference in the observed velocity structure in the clouds, they are taken to be a fundamental feature of AGN.
From an observational point of view, there is a clear distinction between Seyfert 1 and 2 galaxies. The spectra of Seyfert 1 galaxies show broad emission lines with a velocity dispersion of around 6000 to 10,000 km sec −1 together with narrow relatvely weak forbidden and permitted lines. The narrow lines typically have a velocity dispersion of less than 1000 km sec −1 , and a [O III] λ5007/Hβ ratio around 10. In addition, Seyfert 1 galaxies have a strong variable component of continuum emission from the active nucleus, whereas for Seyfert 2 galaxies where the nucleus is obscured, only a faint reflection of the nucleus is seen in polarised light (Crenshaw & Kraemer 2000) . Most Seyfert galaxies fit comfortably into one or other of these classes, consistent with predictions from the unified scheme.
The unified scheme incorporates the idea that all AGN have a broad line region (BLR) which would be visible but for the obscuring torus. However, the place of the broad line region in the evolution of AGN is far from clear, and the possibility that some AGN may not contain a BLR has not been ruled out. There are a number of interesting departures from the norm, the most prominent of which is a class of 'narrow line' Seyfert 1 galaxies (Osterbrock & Pogge 1985 , Rodríguez-Ardila et al. 2000 . In these AGN the emission lines are less broad than normal, in extreme cases with a width close to the forbidden lines from the narrow line region, but they are always strong, with a [O III] λ5007/Hβ ratio less than 3. There are also other situations where emission lines are very weak. For example there are a number of quasars where the Lyman-α line appears to be cut away to a thin spike by absorption, and in one notable case (Fan et al. 1999) appears to be absent altogether. Another interesting example (McDowell et al. 1995 ) is PG 1407+265 with Hβ and Lyman-α very weak, but a strong broad Hα line. Emission line strengths are also known to vary strongly in some Seyfert 1 galaxies, apparently in response to changes in the brightness of the continuum.
NGC 4151 provides a good example (Clavel et al. 1987) , but the broad lines by no means disappear, the C IV λ1550 line changing in width between 2600 and 5500 km s −1 as the continuum brightness varies. Lastly it is worth mentioning the long sought class of type 2 quasar. These are luminous counterparts of Seyfert 2 galaxies, and were expected to exist on the basis of the unified model. Some good examples are now known (Norman C. et al. 2002) , and apart from their luminosity (at M R ∼ −23) they have properties closely resembling Seyfert 2 galaxies. They have virtually no continuum emission, and most of their observed flux comes from strong narrow forbidden lines. It is clear that in these objects we are not looking directly at the nucleus, which is obscured by a dusty torus as for Seyfert 2 galaxies.
In this paper we report the discovery of a new class of AGN where the high velocity clouds are completely absent, although the nucleus is viewed directly, unobscured by the torus. These naked AGN have the spectral properties of Seyfert 2 galaxies, with the exception that they have a strong variable continuum implying that we are seeing the active nucleus directly. This result is discussed in the context of current AGN models.
The Seyfert galaxy survey

Sample selection
Over the last 25 years a large-scale monitoring programme for AGN has been carried out with a view to characterising the nature of the optical variations and putting constraints on the structure of the accretion disc (Hawkins 1996 , Hawkins 2000 , Hawkins 2002 , Hawkins 2003 . The survey is based on a long series of photographic plates from the UK 1.2m Schmidt telescope in Australia, measured with the COSMOS and SuperCOSMOS measuring machines at Edinburgh. The survey area comprises the central 20 deg 2 of the ESO/SERC field 287 centred on 21h 28m, -45
• (1950) and plates were taken every year from 1977 to 2002 in the B J passband (IIIa-J emulsion with a GG395 filter). Extensive coverage was also obtained in other passbands allowing AGN to be selected on the basis of colour and variability (Hawkins 2000) .
The measurement of the photographic plates provided a catalogue of some 200,000 objects in the 20 deg 2 area, together with UBVRI colours. There were also yearly measurements in B J going back to 1977. Candidate AGN for follow-up were selected from this catalogue on the basis of their blue colour ((U − B) < 0) or variability according to the criteria given in Hawkins (1996) . This effectively required that the amplitude of variation exceeded 0.4 magnitudes. In all, around 1500 candidates down to a magnituide limit of B J < 21.5 were selected as AGN candidates for follow-up spectroscopic study.
Spectroscopy
The main purpose of the spectroscopic follow-up was to confirm the identity of the candidates as AGN, and obtain redshifts. Given the high surface density of candidates, the ideal intstrument for this purpose was the 2dF multi-fibre spectrograph on the Anglo Australian Telescope at Siding Spring. In a 4 night run in July 2002, 1400 AGN candidates were observed in 5 separate pointings making up an area of about 12 deg 2 and including some overlap. All spectra were reduced using standard 2dF software to provide instrumental and wavelength calibration, and also sky subtraction. The feasibility of flux calibrating 2dF data is somewhat controversial, and has presented problems to other groups (Croom et al. 2002) . However, in the region of interest of the spectra discussed here, the response function is essentially flat, and the sensitivity only starts to decline shortward of about 4500 Å. This is well clear of any redshifted Hβ lines which are the principal features of interest in this paper. On this basis it was decided that to introduce a controversial procedure in a situation where the results of the analysis would not be affected by its inclusion would be to add an unnecessary complication to the line of argument. Consequently, all spectra illustrated in this paper are shown without flux calibration.
Redshifts for all emission line objects were measured with the FIGARO package. Of the 894 candidates with successfully measured redshifts, 129 were found to have emission line spectra with redshift z < 0.5, and these were used to form a catalogue of candidate Seyfert galaxies. To determine a more precise classification for these low redshift objects, the spectra were re-analysed with a view to measuring line widths and line ratios. To do this, the Gaussian fitting routine in FIGARO was used. This routine gives as outputs the fitted line centre, full width at half maximum (FWHM) and line integral. Although the routine outputs error estimates for each measurement based primarily on photon statistics, these were checked by comparing duplicate measures of the same object and of skylines. The calculated errors from the FIGARO package were found to be too low, and so the empirically determined errors were used. These amounted to approximately 0.6 Å or 30 km sec −1 . The spectral resolution as measured from the sky lines was 10.4 Å or 520 km sec −1 at 6000 Å. The measurement of line integrals for the purposes of obtaining line ratios is well known to be problematic as a number of effects, both cosmological and instrumental, can cause problems. In the case of 2dF data the instrumental effects are especially troublesome, as accurate sky subtraction is hard to achieve, and flux calibration is unreliable. The normal way around these problems is to measure line ratios of lines of similar wavelength when systematic effects largely cancel out, and this is the approach we adopt in this paper. The line ratio of principal interest here is [O III] λ5007/Hβ where the error determined from repeat measures of the same object was ±5%. Of the 129 objects with z < 0.5, 37 were Seyfert 1 galaxies with broad Balmer lines and relatively narrow forbidden lines. The spectra of two of these are illustrated in Fig. 1 , where the width of the permitted lines and the [O III] λ5007/Hβ ratio put them firmly in the Seyfert 1 domain. Among these broad line objects there were also 5 narrow-line Seyfert 1 galaxies in the sense of Osterbrock & Pogge (1985) ∼ 3 with S/N good enough to be confident of their classification. The spectra of two of these are shown in Fig. 2 (one with LINER characteristics) , where it will be seen that the Balmer lines are weak and narrow compared with those in Fig. 1 .
Spectra of the remaining 92 objects were characteristic of Seyfert 2 or starburst galaxies with narrow forbidden and permitted lines of similar width. From these, 55 were selected as having adequate signal-to-noise for further study. In all cases, narrow [O III] λ5007, [O II] λ3727 and other forbidden lines were clearly seen, and Hβ was narrow and weak, sometimes narrower than the forbidden lines. Hα was similarly narrow where observed in the lowest redshift objects. Two typical examples are illustrated in Fig. 3 , and show all the normal characteristics of Seyfert 2 galaxies. Veilleux & Osterbrock (1987) these objects lie in or near the region occupied by AGN, and are probably Seyfert 2 galaxies.
The measurement of line widths and other information for the sample of emission line galaxies is given in Table 1 
Light curves
The quasar monitoring programme in field 287 was started in 1975, and between 1977 and 2002 at leat one and usually 4 plates in the B J passband (IIIa-J emulsion though a GG395 filter) have been taken each year (see Hawkins (2003) for details). The primary purpose of these data is for Fourier analysis of the spectrum of variations, but they are also well-suited to identifying morpological features in the light curves, and measuring basic properties of the variation such as amplitude. Fig. 4 shows the light curves of the of the objects with spectra in Figs 1-3 . The top two panels are for Seyfert 1 galaxies, and they show variations typical for this class of object. The middle two panels are for narrow line Seyfert 1 galaxies, and they too show variations. For the left hand panel the light curve is similar to the normal Seyfert 1 galaxies, but for the right hand panel the variations are smaller and the object hardly varies significantly for most of the monitoring period. The bottom two panels show light curves for the objects classified from their spectra in Fig. 3 as Seyfert 2 or possibly starburst galaxies. It will be seen that they do not vary in brightness within the observational errors which is in line with the current understanding of the Seyfert 2 phenomenon in which the active nucleus is being viewed as weak reflected polarised light which due to its diffuse nature can only vary in brightnes on very long timescales.
Naked active galactic nuclei
Perhaps the most straightforward discriminant between the various classes of AGN is the width of the Balmer lines. For normal quasars and Seyfert 1 galaxies the FWHM of these lines is typically 6000 -10000 km sec −1 . In the class of narrow line Seyfert 1 galaxies (NLS) defined by Osterbrock & Pogge (1985) it is usually less than 2000 km sec −1 , and often only slightly larger Fig. 4 . Light curves for Seyfert galaxies in the B J passband. The top two panels are for Seyfert 1 galaxies, the middle two for narrow line Seyfert 1 and the bottom two for Seyfert 2 or starburst galaxies.
than the forbidden line widths. Another important defining characteristic of Seyfert galaxies is the [O III] λ5007/Hβ line strength ratio which is used to distinguish between Seyfert 1 and Seyfert 2 galaxies (Shuder & Osterbrock 1981) . In this paper they define Seyfert 2 galaxies as having [O III] λ5007/Hβ > 3, a definition which has stood the test of time in subsequent studies (Rodríguez-Ardila et al. 2000) . The [O III] λ5007/Hβ has also proved useful in distinguishing between Seyfert 2 galaxies and H II region-like or starburst galaxies, where a high values favours a Seyfert 2 classification (Veilleux & Osterbrock 1987) . (Veilleux & Osterbrock 1987 ) and such objects may be seen in the left hand side of the diagram. These galaxies form a well defined group in Fig. 5 , and have been plotted as open circles. On the basis of their large [O III] λ5007/Hβ ratio and small Hβ FWHM these objects are most likely to be Seyfert 2 galaxies, or possibly starburst galaxies. Either way they should definitely not vary in optical passbands.
The right hand panel of Fig. 5 shows the same objects, but this time with amplitude plotted as a function of Hβ line width. The amplitude is taken from the monitoring programme described above, and is the difference between maximum and minimum light in magnitudes in the B J passband over a period of 27 years. In this diagram, the objects with large Hβ line width identified as quasars all appear with amplitudes of 0.5 magnitudes or more, as expected for quasars (Hawkins 2000) . Most of the objects in the bottom left of the left hand panel classified as Seyfert 2 or starburst galaxies show little or no significant variation, but six of the eight obects with large [O III] λ5007/Hβ shown as open circles have the large amplitude normally only found for quasars or Seyfert 1 galaxies. In fact in the right hand panel of Fig. 5 they seem to form a natural extension of the quasar locus into the small Hβ line width regime.
In Figs 6 and 7 we show the spectra of four of the large amplitude objects shown as open circles in Fig. 5 . All four spectra show very weak Hβ of a similar or smaller FWHM to the forbidden lines, and in each case there is no sign of a broad component to the line. This is very characteristic of Seyfert 2 galaxies, although does not absolutely exclude starburst galaxies (Veilleux & Osterbrock 1987) On the face of it, the four objects in Figs 6 and 7 have spectra indistinguishable from Seyfert 2 galaxies. However their place among the six large amplitude objects shown as open circles in the right hand panel of Fig. 5 would appear to rule out this classification, or indeed that of starburst galaxy. To illustrate the nature of their variability better, their light curves are shown in the top four panels of Fig. 8 . It will be seen that all four objects show brightness variations by a factor of 3 or more on a timescale of 5 to 10 years as well as shorter term variations.This type of variation implies a direct view of the compact nucleus itself. Such strong rapid variability could not be seen in the weak reflected light which is supposed to characterise a Seyfert 2 nucleus. Furthermore, the strong variations in nuclear light can be used to put a lower limit on the luminosity of the nucleus. On the basis that the change in flux can only be due to the nuclear light, then at maximum the absolute magnitudes of the nuclei turn Fig. 6 . Spectra of variable Seyfert galaxies with Seyfert 2 type spectra (flux in arbitrary units). Fig. 7 . Spectra of variable Seyfert galaxies with Seyfert 2 type spectra (flux in arbitrary units). Fig. 8 . Light curves for active galaxies in the B J passband. The top four panels are for galaxies with Seyfert 2 type spectra, and the bottom two for galaxies with featureles spectra.
out to be M B ≤ −21.5. This figure, which by the nature of the derivation excludes any contribution from the underlying galaxy, is typical for Seyfert 1 galaxies. However, it is very much greater than for Seyfert 2 galaxies where for example in the well-studied (Crenshaw & Kraemer 2000) and archetypal NGC 1068 the continuum emission amounts to a luminosity of M B ≈ −15.3.
For objects with luminous variable nuclei, the unified model of AGN would lead one to expect a spectrum dominated by broad emission lines. In particular, at this redshift one would expect to see strong broad Hβ, Hγ, Hδ and Mg II emission lines as seen for example in Figs 1 and 2. As discussed above, the spectra shown in Figs 6 and 7 have all the characeristics of Seyfert 2 spectra. The Hβ lines are weak and narrow (see Table 1 ), and show no sign of a broad component. There are several forbidden lines in the spectra, all of a similar width or broader than the Hβ line, and the [O III] λ5007/Hβ ratios put them in the domain of Seyfert 2 galaxies (Veilleux & Osterbrock 1987) , and certainly outside the parameter space occupied even by narrow line Seyfert 1 galaxies (Osterbrock & Pogge 1985) . However, the luminosity and variability of the nuclei make it clear that we are not viewing a Seyfert 2 galaxy. The only plausible explanation appears to be that these are AGN without a broad line region.
Discussion
One possible explanation for the absence of broad emission lines in AGN spectra is that they fade in response to decrease in the continuum flux. Although it is hard to rule this possibility out, it can be checked for Q2131-427 for which an earlier spectrum exists. This object was observed in 1991 with EFOSC on the 3.6m at ESO as part of an earlier follow-up to the monitoring programme. It will be seen from Fig. 8 that at that time it was 0.7 magnitudes brighter than in 2002 when the spectrum in Fig. 6 was obtained. The early spectrum is however essentially unchanged apart from additional flux at the blue end of the continuum. There is still no sign of any broad emission lines, and the Hβ line is narrow and weak as in Fig. 6 .
Another possibility is that the spectra in Figs 6 and 7 show Seyfert 1.8 or 1.9 galaxies in a low state. These galaxies, first described by Osterbrock (1981) , have a weak or undetectable broad component to the Hβ line but broad Hα emission. These galaxies are known to vary between this state and a more normal Seyfert 1 type spectrum, and a case has been made by Goodrich (1989) that this change is due to variable reddening. To test this mechanism for the objects in our sample we have simulated the effect of reddening a Seyfert 1 type spectrum to the point where the broad Hβ line becomes washed out in the spectrum of the underlying galaxy to determine whether the blue continuum is still detectable. For a model quasar spectrum we used the composite from the FIRST bright quasar survey (Brotherton et al. 2001) , and for the underlying galaxy the models of Jimenez et al. (2004) . The top panel of Fig. 9 shows the combined quasar and galaxy spectrum as a solid line, and the galaxy contribution as a dashed line. In the bottom panel the quasar spectrum has been reddened to the extent that the broad Hβ line is no longer visible, which results in the continuum emission being extinguished to the extent that it is small compared with the galaxy light, and insufficient to cause significant variation of the combined flux.
A feature of Seyfert 1.8 and 1.9 Seyfert galaxies is that even when the broad Hβ line is washed out, the broad Hα line remains relatively strong and clearly visible (Osterbrock 1981) . Although the objects in Figs 6 and 7 are at too high a redshift to observe the Hα line in the optical, there is one variable AGN in the sample at a sufficiently low redshift to test for a broad Hα component. This object was not included in the sample of naked AGN candidates as the signal-to-noise of the spectrum is rather poor, but it is sufficiently good to throw some light on the presence of a broad Hα line. The spectrum is shown in Fig. 10 , and it will be seen that both the Hα and Hβ lines are narrow, of comparable width to the forbidden lines, and in neither case is there any indication of the presence of a broad component.
The broad line region has been seen as a fundamental part of the structure of AGN, although the unified model explains its presence rather than providing a compelling argument for its existence. It is now clear that in a significant fraction of AGN the broad line region is not present. Although here has been much debate over the structure of the BLR, there seems litle doubt that it involves an interaction between the central accretion disc and a surrounding star cluster (Williams et al. 1999 ). The idea is that gas from the cluster falls onto the accretion disc causing a complex and unstable high velocity flow pattern in which the inflowing material is eventually accreted onto the central balck hole or ejected as bi-polar winds. This high velocity turbulent gas is ionised by radiation from the accretion disc, resulting in the broad line emission. Williams et al. (1999) make the case that given inflowing material, this picture is virtually inevitable. On this basis it would thus appear that for those AGN where broad emission lines are not present, the source of inflowing material has dried up. These naked AGN therefore would represent a period in the duty cycle intermediate between activity and dormancy. They would survive on the fuel reserves present in the accretion disc.
Such 'naked' AGN appear to be quite common, comprising roughly 10% of the sample of the emission line galaxies observed, the remainder being Seyfert 1 galaxies with broad permitted lines, or non-variable objects with Seyfert 2 type spectra, which are presumably normal Seyfert 2 galaxies or starburst galaxies.
An interesting question which arises concerns the possibility that naked nuclei may be found among more luminous AGN in the quasar regime. This almost inevitably means that candidate objects will be at higher redshift, and much more difficult to identify without the help of a system of strong narrow forbidden lines. There is much anecdotal evidence from surveys based on UVX selection for objects with featureless spectra for which there is no plausible classification. Such objects are typically ignored for lack of observational evidence as to their nature. With information on variability, one can say a lot more. The bottom two panels of Fig. 8 show the light curves for two highly variable objects with variations characteristic of quasars (Hawkins 1996 , Hawkins 2002 ). However, their spectra, shown in Fig. 11 , are featureless. Although this is not conclusive, it is highly suggestive that we are seeing a more luminous AGN or quasar without a broad line region. It is possible that these are BL Lac objects, but such objects tend to vary more violently and on shorter timescales. Further observations including a better spectrum and and polarisation measures should clarify this, but for the moment it must suffice to say that a quasar without a BLR is a plausible classification. 
Conclusions
In this paper we have reported the discovery of a new class of AGN in which the broad emission line region is completely absent although the nucleus is viewed directly. These naked AGN were discovered as part of a survey and monitoring programme of AGN over a timescale of 25 years. Their spectra show the narrow forbidden lines characteristic of Seyfert 2 galaxies, combined with very weak narrow Balmer lines with no detectable broad component. However, The light curves show variations in brightness of at least a factor of three in all cases implying bright variable continua. We discuss other examples from the literature of AGN with weak broad emission lines, and investigate the possibility that the absence of a broad line component could be due to reddening. Our conclusion is thst we are viewing the nucleus directly, and that in these AGN there is no broad line region. These objects comprise some 10% of the sample initially classified as emission line galaxies and appear to be distinct from other previously published Seyfert 1 galaxies with weak or variable emission lines. We also illustrate some possible examples of luminous AGN or quasars with no broad emission lines.
These results are discussed in the context of current models for AGN, and it is argued that the central star cluster fuelling the accretion disc has ceased supplying gas, and the naked AGN represent a transition stage between activity and a dormant phase, in which the disc draws on its internal resources to maintain its energy output. Fig. 11 . Spectra of variable objects with featureless spectra (flux in arbitrary units).
